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required to ' ) . S e . lessons in

teach listdd . item which item
lesson(s) R _ . _ _is used

30 ** Stucdent Manue_\l‘s with transparency
5 . *%*%* sots’ of property blocks

t _ ro‘l':!_ of masking tape

|- + _ marker or tape :

! overheoad projector. (optional)

5-b rotationally symmdctric objects , e.g. starfish,
an S or ti shapc
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3(-40
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Section

_ Section

Section
Section
Section
Section

Section

‘Section

12,13
12
i2

12,13

12
13
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Section
Section
Section
Section

Section

Section

Section
*S ection

Section
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FNTRODQIICTION

In popular umm- the! word, symma‘fry often carries the tmplica-—
tion.that a thing is plc'aaanfly_,[iroporrlloned or woll-balanced.,
To many, symmetry implics a-type of beauty and perfection,

(n procise usage, a symmetric pattern is one which remains
unchanged under a certain rigid 'motion. Onctcan intuitively
netice symmetry, in many tﬂrmq.s slﬁch as: o

buttorflios

lcaves

tile floors-

stanzas of pootry ‘ e .

snowflakes -

the arrangentant of seeds &a ::unflower .
cmelodies '
" rhythms: . oo

the weaving in straw bds! ots

*slicas of Cltrus\‘frmts

mathomatical prmcmlos

Cortain types of symmetryv. ca_n.{-bc.givbn precisegcometric
descriptions. Three of theoso typos'a;_e emphasized in this
unit: (1) rotational or turning, #(2) ‘translational and rcpeti-
tivo, (3) bilateral or symhetrie about a line. A detailed.dis-
cussion ai them will conclade. thm commentary. It will be
found that symmetnc patterns aro unchanged by cortam

i mot.lcms . . . oow

-
“

You necd not foe! that a complete mastery of the introductory
materfal is nagogsary before you start to teach the unit, Each
idea l—s/emonc;t #tdd and developed. as the lessons progress.

;"3 This introduction should be regarded as a source of mformanon”’
to whrch_ to rofer for 1nformatL5?n during the various studies. .




Why lave Symmetry Units in the Primary Crades?

Both the intuitive tdcas of symmetry and the pracisely defined
mathematical ideas of symmetry were considered in the follow-
ing reasons for having small childrsn 'study symmetry,

I -

The activities prOvide practice in abstracti.ng concepts,
e,4,, sceing that s&eral difforont pattcrns have tl"e same
type of symmetry.

The conc:pts discussed will be used in later topics such
as geometry, measurement, wave motion, and clasgsifica-
tion of biological organisms. Symmetry is a tool in ynder-

standing the Ag\:rerse.

The principles symmetry arc often applied in art, poetry,
and music. Awateness of these principles heightens appre-
ciation of the arts.

LY
i

The activities provide perceptual training for reading readi-

ness. For example, the tracing of patterns aids perception
through muscular activities. Practice is given in moving
from Jeft to right. ‘ :

The children enjoy the activities and the awareness of sym-
motry that"they develop. Many natural and man-made
shapes ‘in thé childran's environment have some type of
symmetry that they c8n recoqnize.

ot

On completion of the unit the child should:

2.
- ing patterns (translational symmetry) and symmetry about a

Recognize symmetry in nature, music, poetry, and art.
Recognize turning symmetry {rotational symmetry), repeat—
line {(bilatcral symmetry).

r

. - . .
Be able to make the Tiecessary tests and comparisons for

" the three types of symmetry studied.




Rotational Symmetry or Turning Symmoetry

Consider the letter S, Think of it as a shape that can be
moved and which leaves its image behind. Canthe S be
moved in @ definite way so that after it has been moved it will
coincide with its original image?

1. Simply picking the S-shape up and laying it back down is.
onc such operation. This is trivial because it can 'be done

for .any movable object. N
. N
Turning the S-shape a full turn, t.e., through 360°, is
another move that will leave the shape in coincidence
.. Y
with its original image. This is also trivial because it
can be done for any shape.

Turning the S-shape through one half of a full tl.irn,. i.e.,
through 180 will also cause the S to coincide with its
original shape. i

Figure |

This third operation shows that the S-ghape is symmetric with _
respect to rotation about an axis perpendicular to the shape:

at the center. The shape is said to have rotational symmetry
or turning symmetry. Note that if the S is flipped over to the

position 8 It cannot be put into coincidence with its original
shape. LI




Another example ol a shape that possesses rotational symmetry
is a triangular block with cqual sides. THo block outlines in
Migure 2 may help in visualizing the rolations that teave the
hlgck in coincidence with its original image. The rotations
arc onc=-third of a full turn, two-thirds of a full turn, and the-
trivial ones of no turn and of a full turn: rotations of 09, 120°,
24072 and 3607 teave the pattern of the block unchanaed,

Figure 2

Note that in considering rotational syvmmetry of a pattern, only
rotations about an axis through the center of the pattern are
considered,

kl

Figure 3

The pattern is not flipped or turned about an axis across the
pattern. ' ’

. Figure 4

14
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FXAMPLES OF ROTATIONAL S'YMM_ETRY




A rotation throudh any amount less than a full turn that yvields
coincidence with the original position is a test for the pres—
cheo in a pattern of rotational symmetry or turning symmetry.
Furthier examples of simple patterns oxhibiting rotational Sym-
moetry are stars, squares, ovals, and circles,

A three-digirsional object can't be tested for rotational sym-
metry exactly as done above, because a solid object won't co-
incide with a surface pattern. lowever @ variation of the test
can casily be mace. The solid object can pe turned and com-
pared to an cxact copy of itsclf. If, after the object has been
turned an amount less than 360°, the object and its copy cannot

* ebe distinguished, the object has rotational symwetry. Figure 5

} Y shows a pyramid and a plate, rach with cxact rotational sym-

“métry, and two starfish showing approximate rotational symmetry,

A slightly different point of view is to consider a rotationally ®
symnietric pattern as onc that can be gencrated by rotating an
\ clement of the pattern. For example, the shape & can be

generated by rotating the shape 0 into three positions.
") ) . ‘_\i

/F(pcating Patterns and Translational Symmetry

Suppose a stencil is usqd to make the repeating pattern in the
strip design shown in Figure 6,

o/ | o/ o/ o/ o/ o/ | o/ o/|o/| o/ o/ o/]c/ |of

Figure 6

The dotted lineg in the figure show tha: the pattern could be
continued indefinitely. If the pattern is imagined as being- - -
infinitely long, it can be picked up, moved through a certain . -
distance. and laid down again to cover the entire original pat-
- tern.-- The pattern would then look exactly as it did before it
was moved. This is possible bétaude an infinite pattern has
no beginning and no end, but extends infinitely in either direc-
tion. A mathematician might say that a translation carries the
pattern into itself. Because of this, the Pattern is said to
nossess tranglational synmetry, L '

16 ~




' Figure 7 .
L¥XAMPLES O REPLACED PATTERNS
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Repeating pattorns are casy to (ind. FPor example, they are
_scen in wallpaper, brick walls, and strings of beads. These
patterns repeat only a finite number of times, but they may be
thought of as "potentially infinite." This mcans that the pat-
‘tern can be imagined to extend indefinitely in both directions.
Thus the term. "translational symmotry" is sometimes used in
talking about repeating patterns which are finite but can be
imagined to extend infinitely,

A pattern is a repeating pattern it some part of the pattern

(1} can be moved a definite distance along a line to cover an
identical part of the same pattern’and (2) with a succession of
such movés will cover the entire pattern, As in rotational sym-
metry, comparisons arc made after some part of the pattern is
moved, This time a part of the pattern is inoved in equal-sized
jumps and comparecd to other pa'rts of the s§me pattern to deter+
ﬁine coincidence. The part of the pattern that is repeated can .
be called a "block," a "cell," or an "clom'o‘nt. " '

In testing the strmg of beads shown below for a repeating, pat-
~ tern, the block to he compared could be OQD

OODOODOODOC)DOODOOD

The block to be compared could also be choscn as OODOOD
This would again cover the pattern when repeatedly moved ih
steps along the string. If the beads are fgrmed into a circle,
they will show a rotationally symmetric pattern. 1f actual
beads were used, instcad of a drawing of beads, the compari-
son block of beads would of course not:be laid on top of anoth-
er block. It would be p[aced beside a corresponding bhlock for
the companson.

There are many.(imp'erfect) repeating patterns to be observed in
nature. Two examples arc bamboo stems and caterpillars.
Often only-a portion:of the object shows the repeating pattern,
as in the caterpillar where the middle sedments are approxi-
mately of equal size and shape but the- two ends arc not, (Scec

- Figure 7.) o !

'I'he actiyities jin. this unit will oxtond the concept of repeatinq
patterns to poetry and music. Repeating sound patterns are-
common in hoth poetry and music. . :

N




Consider the letter A in Tigure 8. Any line drawn perpendicu-
tar to the dotted tine in the figure cuts the pattern in pairs of

l 1.

|

Figure 8

points that arc equidistant from the dotted line. For example,
sthe points a and--b in Figure 9 are at cqual distances from
the dotted linc,

|
|
|
)
I
e

quu

. The l-ottor.‘ A is said to O\hlhlt symmotry about a lme. or bilat-
cral symmotry. The dotted lme is called the lmo of symmetry
or tho 0\1‘3 of symmetry.

AN p Atteen through which a line can be drawn such that every
lini perpendicular to this line cuts the pattern into pairs of
points nruncuf tant from the lmo is sazd to oxhlblt symmetry
abtout a_tine or hilateral symmetry.




A simpler but loss cxact statement of this idea is that for every
point on one side of the line of symmetry there is a ¢orrespond-
ing point on the other side. The paired points must be at equal -
distances from the linec of symmetry, Figure 10 shows some al- -
most oxactly bhilateratly symmetric patterns that occur in nature.-
There are tests one can use to determine whether or not a pat-
tern possesses bilateral symmetry. Two of these tests are
described below,

If a mirror i~ placed in a vertical position along the dotted line
in Figurc 8, the pattern viewed (half of A and its iraan in the
mirror) coincides precisely with the original letter A. The mir-
ror tost consists of holding a mirror on the axis of symmetry to
show that the pattern can be divided jnto two parts identical in
size, onec part being the mirror {inage of the other, In any bilat-
“erally symmetric pattern, one half of the pattern is the mirror

- image gf the other half. This is the reason that bilateral sym-
metry is also referred to as mirror symmetry. It is mteresting
to test some non- symmetnc patterns with a mirror,

Bilaterally symmetric patterns may also be folded along the axis .
of symmetry %o test for the coincideri(:e of the two halves of the
pattern. This givos another test, the folding test, for b:lateral
symmetry ,

-'There are some differences in oxammmg the. symmetry of pattems
on plane surfaces and of throe—d1mensLOnal*obJects. Corre- -
sponding to the line of symmetry of plane patterns. bilaterally
symmetric three~dimensional objects have a plane of symmetry.
Every line perpendicular+e this plane cuts the figure in pairs of
corresponding points that are at equal distances from the plane.
Obviously, a’'solid object cannot be folded to test for bilateral
symmetry. Howecver, a mirror can be placed along-the plane of
symmetry to show the existence of bilateral symmetry. The human
face ts an interesting object that has approximate symmetry with
respect to a plane. Other objects that might be tested are a cone,
a beetle, and toy figures of people or animals. '

?

A picture of a three-dimensional object is’, of course, a two-di-
- mensional pattern, 'Thus the symmetry of a picture of a three-
dimensional object may be tested by either the mirror or folding
“test. Gonorally the kindergarten and first grade act1v1t1os W111
involve only two .dimensional patterns or plctures

s"'n’\
YY)
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" Other Symmetries

"An object may display more than one of the symmetries that have
been discussed. For example, a star such as the one in Figure ||
displays both rotational and bilateral
“symmetry, Notice that each of the five
dotted lines is an axis of bilateral sym-
metry, B

It is not necessary for a child to recog-
nize more than one symmetry in an ob-
ject, but it is important for you to be
aware of the possibility of more than
Fiqure 11 one, so that you may guide the chil-
o dren properly,

There are other symmetries which may be precisely described ,
mathematically. You may be interested in noting these, but they -
- will not be explicitly presented to the children. One such sym-
metry is a translation plus dilation. 1t is illustrated in Figure 12
by the shells of the common wentletrap, an auger, and the giant
conch., Another symmetry which jg a rotation plus dilation is
1ilustrated in Figure 13 by the shells of the chambered nautllus
“and the sunburst carrier.

A.more comblicated kind of symmetry i's found in certain two-di- .

. mensional patterns, which are called ornamental patterns, A '

- common pattern of this kind is formed by fitting hexagons togeth-

" er as.in a honeycomb or in a tiled floor. Ornamental patterns  °
aré also often seen in brick walls. (See Figure 14,) There is a
precise mathematical theory underlyihg the ornamental pattern,

- but it is not necessary to understand this theory to appremate or'
create ornamental patterns, EXtremely intricate and beautiful
tiled patterns have been produced by artists who mstmctively ’,
used the laws of symmetry, The threé-dimensignal arrangements -
of atoms in a crystal are related to ornamerital patjerns. '

There are other patterns possessing symmetries not discussed
here.’ It is hoped that the child will recognize some of them in
his environment. The child should not be expected to describe
precisely what he sees, put simply to be aware of and emqy the
symmetric patterns about him.




.Common Wentletrap r i  Giant Conch (Cross section)

TRANSLATION PLUS DILATION
Figure 12 |

_Sunburst Garrier . ’ Chan{ber_ed Nautilus (Cross section)

;‘\

ROTATION PLUS DILATION

Figure 13







Summary

.

In summary the tests for rotational, translational, aw bilateral
symmetry are given: R
- ‘E. P ) TN -
1. Rotational symmetry test: an object ig rotated about an axis
and compared with a copy of the driginal b{:ject

2. Repeating pattern test: a portion of a pattern is duplicated,
maved along thepattern, and compared to parts of the pat-
tern at equally spaced Jocations to detgrmine coincidence.

3, Bilateral symmetry test:”

. 3-D: an object g compared to the half-object, half 1mage
-puttern" obtained by using a mirror and is ‘judged fOl‘ coinci-
. dence,

2-D: either the above mirror test is used, or the object is
_ folded to test for coincidence of the two halves!
The use of a copy or, replica of the object, or part of the object, i
in the tests eliminates the need for the tester to imagine the ob-
ject or part to be moved and compared, You will probably carry
out the tests mentally, but five- or six-year-old children may
- not be successful in making .such_ahsnaf;r_mmparisons if
some children begin to form conclusions quickly concerning the
symmetry of @ pacticular object, this Shouht be discouraged
If they are correct, accept them with joy, If they are 1ncorrect
a direct test for symmetry shouid be nade, involving the con-
crete operations and comparisons necessary. -

DIFFERENCES RETWTEN THE i([NDERGAR‘FEN AND FIRST-GRADE SYM METR,Y UNITS

If you look at copies of the’ kindergarten and first-grace: symmetry
units you will notice that the first four sections of each consider .
rotational symmetry, repeating patterns, bijlateral symmetry, ‘and
symmetry in movement, poetry, and music. How then do they
differ? Some of the ways are given in the following paragraphs.
An obvious difference is-that the firstygrade unit contains work-
sheets and an additional section. On many of the worksheets the
children are asked to do more precise and accurate work than that .
f“inod of kindergartengrs. The additional -section for first grade_ '
considers crystals,an&omamental patterns. _
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The [iest-grade unit considers the three basic symrnetrie's in more
depth,  More complicated patterns are considered, At the end of
Soction 3 the first grader is asked to identify symmetries when
all three types are present in the same object. :

-
L]

Althaugh the major emphasis is on obsdrvation and description
in both upits, the first-grade, unit includes some work 1nvolvmg,
measurement ancd < alization. The first-grade unif is more
quantitative, Thf!?dren are asked questions such as "How '
s WYl "
many positions ot there where the pattern looks just the same? _
. and "How far is the star from the line of symmetfy? "
r - - * -
~You will note that the ihtroduétory matprial in the two units
is the samd, since l*oth units cover the same subject matter. r

[

» ()XZ\IF‘\ s O\ HL.I l‘FALIl['\'G or ['IIIS UN[!‘ o '
The lessong in thls umt are usually planned to taLe oné class
'neriod 'I'h.g questions in capital letters that appear in gome les-
sons are t& be considered & guide to the type of questions you
will use. Teel free to modify them¢and any other part of the unit

'to-suit the needs of your own class.

_(The children shou'ld use and understand the concepts of the sym=
metries cousidered but they should not be expected to become
proficient in verbalizing them. They will not always be precise
in their work. ¢ We hope that h you and your class will relax
1 and enjoy this unit. 2

© Art Activities

This unit' contains mahy art activitiés that complement the more
directed classraom experiences. The child's creation of his

own designs reinforce his concepts.of symmetry and also devel-
op an appreciation of symmetry. These design activities are in
contrast to the design activities on the worksheets, which usu-
ally shotld be considered experiences °1n translation of points
on gnu_« rather tharn creative art. . - »

-
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The choice and timmg of the art is generally up to you any time
after the appropriate symmetry has been infroduced, Provide
only_neces.éary direction. Cons:.derabsle originality results
when children are given latitude in the use of colors and mate-
‘rials and free rein to use their own creative powers.




ROTATIONAL SYMMETRY,

This section develops the conicept of rotational symmetry,

The lt;-ssons start with the nfanipulation of physical objects.
and the creation of rotatlonally symmetric patterns, The chil-
dren discover patterns that are feft unchanged by .the rigid
motion of rotation. As they do the actiwtles of this section
they should gradually abstract the ‘concepts and the proper-
tle‘; of rotdtmnally symmetrlc patterns,

~




Lesson 1t TURNING BILOCKS:

The manipulation of blocks is used in this lesson to introduce
the concept of rotational symmetry to those children who have
not previously encountered it. Tor those children who have
had the MINNEMAST kindergarten program, the lesson will be

partly review but will also prcscnt the ccuntlng of positions
of colncxdpncc.

MATERIALS

‘1 "pair of triangulor blocks for cach Chlld

! pair of sauare blocks for each child (The blocks in each
pair should be of the same size, but the different pairs may

be of different sizes.)
rhasklng tape

assorted blocks for Activity C

PROCLDURE

-

. s .

Activity A ' .

Each child should have a matched pair -of triangular blocks ‘and
one of square blocks. One corner of one side of each block
should be marked with masking tape. .The tape helps to kess
track of the position of the bldck and also designates one sur-
face of the block &s the frpnt. This is important because. in
testing a pattern for rotatio nal symmetry, the pattern must not
be turned over to bring the back side up.

Have each chidd place one of his triangular blocks on top of
. the other with the taped corners matching, ) ..

TURN THE TOP BLOCK UNTIL IT FITS THE BOTTOM
BLOCK AGAIY. DO NOT TURN IT OVER.




DID YOU TUR.N THI: TOP BLOCK A WHOLE TURN®?
(No, only pait of a turn -- or -~ No, only one-third
of o turn.)

TURN THE TOP BLOCK MORE UNTIL IT AGAIN FITS
THE BOTTOM BLOCK. '

IIAVE YOQU TURNLD IT 1\ WHOLE TURN NOw? (No, !
stitl only part of o turn.)

AGAIN TURN THE TOP BLOCK UNTIL THE BLOCKS FIT.
FIAVE YOU TURNED IT A WHOLE TURN NOW? (Yes.)

“1HHOW DO YOU KNOW? (The taped corners match once
again,) -
Nxplain t‘ﬁ,at when we can turn a pattern or an object part Way
around and have it look the same way it did before it was
5 turned, the pattern or object has turnlng symmetry or rotatlon-
. al :ymmctry
. _,_/

Activity B .

Repeat Activity A with pairs of square blot:ks.

Activity ©

el

The concept of rotational symmetry may be strengthened by

consideration of some shapes that are not rotationally sym-

metric. Pairs of blocks of the following rotationally non-

symmetric shapes are often available, or you can prepare
cardboard shapes.

In each case.have a child see whether he can rotate the top
block part of a full turn and have 1t@1t the one that has not
been rotated. S8ince in each case it 1s not possible to carry .
- out the test successfully, the shapes do not possess rota- .
tional symmetry. (If you do not have pairs of these asymmet-

ric- blockj, trace @round the block being tested and rotate the
block ugalnst its outline. ) _ -~

23




lLesson 2: ROTATING TRANSPARCNCIES

Here transparent patterns ¢re used to illustrate rotational sym-
metry further. The lesson also introduces the idea that one

part of a rotationally symmetric pattern may be rotated to gen-
erate the entire pattern,

M;’\TERI;’\LS

| blue and | yellow star transparency -
) blue star point transparency

marker or tape -

overhead projector (very desirable, but not necessary)
transparent Pattern A, for each child

Worksheet |, for each child

PROCEDURE

£
Activity !\

It 15 assumed that you will use an overhead projector. If-you

do not, you can hold the transparencies against a window to ..
be viewed.

Project the blue and the*yellow stars separately and then su-
perimposed. Check 10 see that the children realize that an
all-green star shows the coincidence of the blue and the yel-
- low star. Rotate the upper star slowly over the lower star.
As this is done some yellow, some blue, and some green will
be seen. After one fifth of a complete turn, the stars will
again coincide and an all-green gtar will be seen again, The
children should understand that this coincidence implies the
star possesses rotational symmetry.

IN HOW MANY POSITIONS WILL THE STARS FIT 'i‘OGETHEB?
. LET US COUNT THEM. TO HELP US KEEP TRACK OF THE.
TURNS WE WILL MARK'ONE CORNER OF EACH STAR.

R

5 _ '
Mark the corners with a marker or tape, Rotate and count the
five positions where the star patterns fit together exactly.’




PAGES 21~30 WERE REMOVED FROM
X THIS DOCUMENT PRIOR TO ITS BEING SUBMITTED TO
~ THE ERIC DOCUMENT REPRODUCTION SERVICE
DUE T¢ POOR REPRODUCIBILITY.




Another way of viewing a rotationally symmetric pattern |g to
notice that the entire pattern can be generated by turning one
part of the pattern jirnto equally spaced successive positions.
For example, the star pattern can be covered by one point of
the star rotated into five successive positions,

bon't expect the children to express this idea fluently, but
demonstrate it by projecting the yellow star and the blue star
,  point. ' '

Activity B

Have the children cut out their transparent copies of Pattern A,
They need not cut exactly on the dotted circle. Ask them to
put their patterns on their desks, look at them carefully, and
then turn them one thlrd of a whole turn. ‘

Dogs YOUR PA’I‘TERN LOOK JUST AS IT DID BEFORE YOU
TURNED IT? (Yes.)}

HOW CAN YOU TELL FOR SURE? (By making some kind
of record of the way’'it ﬁrst_looked.)

Tell the class that this record has been printed for them on
Worksheet 1. Suggest that each child fit his transparent
-pattern over his printed pat-
* aerstent | tern, He can then turn the
nr 14 d transparent pattern to find the
positions in.whlch it looks
just ag it did before it was
turned.

HOW MANY POSITIONS ARE

. THERE IN WHICH THE PAT-
TERN LOOKS JUST THE SAME?.
(Six.}




Activity C (()ption.;l)

Discuss the fact that the whole pattern can be gencrated (or
made) by turning a part of the pattern into six different posi-
tions. '

At the conclusion of this lesson, you may Have the children
use any of the art activities for this section (pages 39-50),




mson 3: TINDING 1—:6'r;_\1‘101\11\??,3,"‘s§vmMm'mc OBJLCTS

[n this lesson the children's concoptﬂ of rotational symmetry

will be applied to o wide varicty of objects, Sometimes they
will test two-dimensional shapes and sometimes three-dimen-
sional shapes, They witl «lso test natural oblects that have

anly approximate rotational symmetry.

MATERIALS

- an assortment ot rotationally symmetric objects. Some ex-
amples are certain flowers {real or artificial), certain
shells, an apple or orange cut ac¢ross, starfish, gears,
wheoels, designs made from Tinkertoys.or aother construc-
tion sots, and cardboard shapes (S, H,A).

an assortment of objects that are not rotationally symmet-
tic, Some examples are most leaves, cortain flowers, cer-
tain shells, cortain blocks, pencils, designs made from |
Imkcrtoyc or ather cans struction sets, and cardboard Shages_

Q. 1,
: PEOCEDURT,

Activity A

Prepare.a shiipe table for the class. Place on'the table some
objacts that are rotationally symmetric and some that are not,
Some, but not all, of the objects should be in pairs. Other

_ rotationally symmetric and non-symmetric objects should be
placed about the room. Suggestions for the objects are given’
in the materials list,’ T

Have the children determine which objects on the shape table
have rotational symmetry. Although many children will immed-
iately recoghize rotationally symmetric objects, they should
‘be able 10 test thepohjects if requested to do so. Discuss
with them thc fadjthat the test for rotational symmetry in a
solid object is a little differen. than the test for a flat {plane}
pattern. ['or cample, note the pyramid-shaped block sketched
o the next page. '




It cannot be fitted over another identical blo¢k: but it can bo~
placed next to it and compared. After being rotated one-fourth
of a full turn, it wi!l look the same as before it was turned.

When only one object is available, th;) test for rotational sym-
metry is again slightly different, FEither the original appear- '
ance of the pattern must be remembered or jt can be recorded
by a sketch. Perhaps you ora child could, trace around a star- =
fish (or other object} on the board, rotate the starfish, and
compare the outlines. The children will notice that the rota-

- tional symmetry of natural objects is usually not exact, .

After the objects on the shape table have been examined, have
“the children look. about the room for other rotationally symmet-
ric objects. They can also be asked to think of symmetric ob-

- jects they have seen in other places. ,

Activity B {Optional)

Some children may, notice that although a certa_iin object may
look the same when rotated a certain amount, it will look dif-
“ferent when flipped over. This may be shown with an S-shape.
On the other hand, an H-shape does look the same when
flipped over. '

N\

\/

This activityv should be-used here simply to provide additioﬁal
experience in observing patterns. In Section 3, the effects of
turning a pattern over will be considered further. '
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Losson 4: KLEP THE SYMMETRY |

“In this lesson the children are asked to design, complete, or
alter patterns as they wish, subject to the restriction that the
rotational symmetry of the pattern be maintained, This pro-
vides further practice ancg also gives you an indication of their
concepts of this symmetry, Color 1s used in some of th pat-
terns, N ' ' .

MATLCRIALS

— colored chalk
—~ .pegboard (optional)
-~ construction sets such as Tinkertoys ‘(Option'al). )

- Worksheets 2 and 3

PROCEDURE

Activity A

With white chalk draw a pattern on the board such as this':

3

1S THE PATTERN ROTATIONALLY SYMMETRIC? (No.)

CAN SOMEONE MAKE IT ROTATIONALLY SYMMETRIC?.
(Yes.) ‘

+

. Have a volunteer do so,
N\

-

CAN SOMEONE ADD SOME MORE caP IS TO THE PAT-
TERN? (Yes.)

'Have the children do so.







{) R
- Dtaw a‘nothcr incomplete pattern with colored chalk. Agaln .
have voluntears complete ancl\elaboratc the pattern. A possi-,
blllty would be: : '
' red . o\/®

9 h hlue , .@'@

- -

Have the children continue this acfivit‘y as a game, They can
play in pairs or small groups, taking turns in adding elements
to the designs. They may play on the chalkboard or on paper,
using colors. The "keep the.symmetry" rule should be very
clear to the players

Sample pafterns with gifferent degrees of COmplexitY are
_shown helow. :

" The activity may go on as long as the children can find. ele-
ments they wish to 1dd, or you may set @ time.limit on it.

-«
2

Activity B (Optional)y

A pair of children may play a game very similar to that dis-
cue sed in Activity A by making patterns on a Pegboard or w1th
a constmctzon set such as Tinkertoys.

-,




Agtivity C

The class should now bovreaciN@*oElor the patterns on Work-
sheets 2 and 3.” Again the "keep th& symmetry” rule should

be explained, but do not insist on complete accuracy, Most
children 'should be able to color the patterns with freedont and .
imagination. +However, if a child seems unable to get started, »
you could suggest a simple alternation of two colors,

Children enjoy sgeei“ng -the‘colored\ rotationally-sy'mmgtri_c pat-
terns formed in kaleidoscopes. . .. "

,
J
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ART ACTIVITILS FOR SECTION I: ROTATIONAL SYMMETRY

‘A number of art activities are suggested here. Any selection
of them may be used to provide review and extension of the
ideas of rotationa symmetry. These art activities, as well
as those in other sections, can usually be modified rather
casily and used again for other type's of symmetry.

Two toys that mechanize the drawing of geometric patterns,
most of which are 'rotationally'symmetric, are listed below,
* A large variety of patterms may be produced fairly easily. A
ball- point pen usually givos better results with these toys
. othan does a pencil, . s
Magic Designer 8245 (Lakesidé Toys, Division of Lake-
sjde Industries, Minneapolis, Mign:, $4.95) '

‘I‘ s

Spirogra% No 40| (l\enner Products Co-, Cincinnati,
Ohio, $3°.9




‘Activity Ar Design Silhouette

I.- Fold a sheet of typing pa;ﬁer into aquarters,

fold

2. Fold again along the diagonal,

- fold

-

3. Cut as shown to form a scuare,

L)

v cut 7 4 ;

4, Cut out design from folde,d paper, ,(If you wish, you
oSwmgay dmw a design before cutting, )

- Re cut
———

- 5. U.I“lfold design and paste on black cghstruction tﬁaper.




o

Activity C: Papeor Tlowers

l Fold colored construction paper in half lengthwise,

r———

.~ Creasc paper about " from top,

- .
————————— -— ‘-‘-. - .
crease

Mark off every ! " along the length of the fold.

'3

.

. 5. Overlap uncut edgés and paste together,

paste l

6. Loop around and pastd ends together, - «% é

© 7. Attach a thread to top of design and hang from a string
running from one end of the classroom to the other,




Activity D: Stars

—
o

1.

Gut out squares on heavy lines..

Fold on dotted tines as 1hdicated. Fold forward on
a and fold hack on b,

Paste corner flaps of 2 squarcs together as shown

in illustration, -

\ -2

Continue pasting ono Squaré to the next; the last square
is to he pasted to the first one, L
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Activity E: Lanterns

- 4

Paste 2 sheets of onionskin together at the narrow end
to make a strip about 8% X 22.

Pleat the strip of ghion skin across the narrower
dimension. Allow /2" to |" for each pleat. Roll
pencil over pleated paper to insure deeply creased
pleats.

Unfold the pleated paper. :t' ‘ld across the length and
crease agam. . 3

fold "

Unfold creased paper. Bring the narrower ends together’
and paste to form a tube. Onion skin pa holds the
crease so well that the edges will pleat Z?Sether and

the middle will bulge to make a lantern shape.

@“

Cut a strip of paper and attach to top of lantem for the '

fle. : .




‘Activii:y F: Loop-de-doos

*

‘1. Cut strips of colored construction paper into /2",
3/4" and 1" widths,

2, Make [oops of d\ifferent sizes,

3. Arrange loops in rotationally symmetric patterns
construction paper, using all-purpose glue,




Activity G: Party Decorations

1, Cutout a four-sided paper design following the directions
in Activity A, :

2. PasteAtoA, Bto B, etc. This will bring the four
corners into a cluster,




Activity H: 4-Pocket Baskets

Begin with a 9" x 9" square sheet of construction paper.
Fold the paper along the diagonals and then open flat. - -

Then fold in half, both ways, and open flat.

A

|
- »
\\ ' 4
¥ \\'|¥/
7N -I

4 N\

s 1 N
Ve | N

Fold corners to the center.

A
NV

Turn folded square over. Working from the back, fold
new corners to the center again,
]

This foﬁns"pockets into which fingers of left hand can be
slipped. With right hand, push from behind to make a
peak in the center.

Paint a rotationally symrhetrlg design on the flaps.

a




" Activity [: Baskets

. Fold a sheet of cdq,structioh paper in half.

A

Fold the sheet in half again, thus making a crease.

.

-

Open the second fold and-make a tab by cutting from the
center fold to the crease as shown in the diagram.

>

: cut

Cut from center fold into crease., making strips 1/2-3/4"
wide. ' .

L

Paste the tab end to the other end, making a cylinder,




Bend f.he petal_s down and open them,

Clue a colored cupcake papoer to tine inside of the
hasket.

R

Paste a paper handle to the inside of the basket,

.

Variation - -

- - -

. The children way wish to fringe the ends of the peotals,




SJAGYPIOINEVE REPEATING PI\TTERNS AND TRANSLATIONAL SYMMETRY

In this section the class studies repeating patterns. If the
repeating patterns are imagined ag_infinitely long, they will
be translationally symmetric, The concept of translational
symmetry, which is discussed in the 1ntroductor}? part of -
the unit, Is treated in Lesson 8. FHowever, it is designated

as optional, for it may be too abstract for some first-grade-
children. '

The activities in the section provaide for the creation of many
repeating designs by the children. Whenever possible, the __ ;
lessons are based on real objects gnd concrete operations,

Both man-made exact repeating patterns and approximate re-

peating patterns from nature are used as illustrations for les-
son ideas. -

Cucullia verbasci Caterpillar




- Lesson5: TRANSPAKENT REPUATING RATTERNS

This lesson introduces the idea that aropeating pattern is a
pattcrn ‘that can be generated Qy-one part of the pattern being
rcpc.uto(i at ct;uaL distances along a straight line.

NIATER IM.S

'™

one strlp transparency of dogs (blue)
. one do,q transparency (yollow)
sailboat‘. transparency (Pattern B) for each chil_'d

Worksheet 4 for each child

3

= .overhead projector (desirable. but not reauired)

PROCEDUKE, . »

Activity A : . >

~Again it is assuged that you will have an overhead prOJector

available. Alt'hough it is more effective-to project the trans -
parencies, they may be viewed n?amst a wmdow

L
-

froject thé transparent yellow dog pattern ant the blue dog
strip pattern scparately. Next project the transparencies to-
gether with the single figure on top. Bring the single dog into
commdence with the first’ dog in the strip. The first square
will now appey green and the dog figures will fit %xac’tly. -
Continue moving the single figure until each figure.in the
strip has been exactly covered. This will demonstraté that
the dog-figures in the strip are ‘all identical.- -~

ALL THL PARTS OF THIS DESIGN ARE EXACTLY THE SAME.
ALL THE PARTS ALE F‘XJ\CTLY THE SAME TCISTANCE AP!\RT
THE DESIGN IS A REPEATING PATTERN.

hetivity B

Iiave the children examine the sailboat pattern on Worksheéet 4,

ARE ALL THE SAILBOATS CXACTLY ALIKE? (Yes.)

HOW CAN YOU TELL'FOR SURE? .(By using a copy .
" of one of the sailboats for comparison.)




When.the children understand the meaning of the answér to the

last guestion (although these exact words certainly need not

be used), tell the chilciren that you havo a-copy of the sall-
-_boat pattern for them.

5

. - T o
llnchﬁchlld should have a transparent copy of the sailboat
{Pottern B). Give them time to experiment with the transpar-
ent pattern and Worksheet 4. Let them find that all the sail-
boat designs are identical. Then-ask questions to lead to the .
idea that all the pointsﬁ:?n the first sailboat design are moved
tha same distance to match the corfgsponding points on the
second design, all the points on the secohd design are moved
the same distance to match the corresponqilng points on the
third design, etc. Some apprOpriate questlons follow

: . * HOW MAN\B SQUARES IS IT-FROM
: . : THE TOP OF THE FIRST SAIL TO
A P e ' — " THE TOP OF THE SECOND SAIL? *
' : {Five squares.)

"HOW MANY SQUARES IS-IT FROM

THE TOP OF THE SECOND SAIL
*TO THE TOP OF THE THIRD SAIL?
(Five sqﬁart‘e)s‘.]

HOW MA SQUARES IS IT FROM
THE TOP OF THE THIRD SAIL TO

THE TOP OF THE FOURTH SAIL"’

(Five squares.) .

-, 1

HOW FAR IS IT FROM THE FRONT

Qr THE FIRST BOAT TO THE FRONT. .
_OF THE 38ECOND BOAT? (Five
‘squares. ) 7

N

v

h

Mter this lesqon any of the art activities for this section
may be used.

L]

Note: ' Worksheet 4 will be used again in Ls:sson 7.

S




hctivity B: Roseottes
t v,
|, Cut a sheet of onionskin paper to measure 6" x 11", .

?
'old pleats into the paper across the narrower dimension.
The pleats should be about )" to I" apart. Roll a pen-

il over the pleated paper to insure deeply creased pleats.

2.

\

. ' ¢ h
5. Fan ends out and paste edges together to make a-full
circle,

-

Paste »

oy

. Thoese rosettes make nice classroom dccoratibns.
Attach a thread to the top of cach design and hang
it from a string stretched across the classroom,




Lesson 6: RCPEATING PATTERN CA MHJS
1

In the games and activities stlggested here, the children c're—
ate designs with various materials. The only restriction is
that all the designs should shgw a repeating pattern, Some
designs will be altered according to rules that preserve the
repeating ‘property of the design. This changing of one design
to another in @ definite way is a forerunner of the mathemati-
“cal id2a of transformation.

4

MATERIALS - : i
Possible materials from which repeating patterns may be made
are:
~ colored chalk
~ flannel board with several sets of shapés
- property blocks
- pegboards with pegs

PROCEDURE

Activity A v

The rules for three games are outlingd here. They may be var-
ied in many ways. The designs may be drawn or assembled
from objects similar to those in the materials list. The games
may be played by the class as a whole, by teams, or by part-
ners. The children may invent scoring rules.
Go on with the Pattern: One player begins a pattern. Succes-
sive players add to it, producing a repeated pattern. A rule ..
can limit the number of elements each player adds; e.qg,, the
starting player can use four elements in his part and each suc-
cessive Player can add one or two elements. An example of a
. sequence of play is: - 4

- AveA

" AV.AV :
AveAve
NveAvellve

)




Add to the Pattern:  One player creates o repeating pattern,
Tha next player adds to the pottern being sure to maintain the
repeating property. An e¢xample of a seaquence of play is:

st Pleyer ’ [___:I o
Ind Player (.3
rd Player g

Make It Repeat:  One player (either the teacher or a skilled
child)} makes a pattern that isn't exactly repeating. Another
ployer completes it so that each portion of the design is re-
peated. An examble of a secuence of play is:

KX @0

Here the children transform one repeating pattem “into another
by o Speclﬁc procedure. The activity provides background -
for the mathematical concept of transformation or mapping,
which will be developed in later grades.

\ctlwty B

HDDOSC A Yroup of children has made the followmg pattern
‘from propertv blocks.

5 /2 P /& Py I

T Coloring the,
rawings may make the pattern cleare_r.) -

. "}. LET'S CHANGE THIS PATTERN BY FOLLOWING A RULE._
" THE RULE WILL BE T(O CHANGE ALL THE BIG BLOCKS
TO SMALL BLOCKS AND THE SMALL BLOCKS TO BIG

- BLOCKS. (Large <« Small.)

5XY




‘ After the change, the pattern will look like this:
® ®
0 5 @ G

IS THE NEW DESIGN A REPEATING PATTERN? (Yes.)

NOW YOU MAKE UP A RULE AND CHANGE THIS PATTERN.

This activity may also be varied., It is good to leave the ori~
ginat design undisturbed and construct the transformed design
below it. The rules used may be very simple (such as

thick €<= thin)-or quite complicated (O <>[]and red — yel-
low—> blue —» green—»red). Although property blocks are
especially suited for this work, other materials may be used
for the designs. In all cases the transformed design will re-
tain the repeating property,




Leésson 7; REPEATING PATTCRNS ON GRIDS

" The worksheets that constitute this lesson give the children
practice in drawing repeating patterns, These design activi-
ties are considered l€ss as creative art than as exercises in
translation of sets of points on grids.

AMATERIALS
- Worksheets 4,5, and 6
PROCEDURE - .

Ask the class to complete the pictures on Worksheet 5 so that
the picture in the first cell is exactly repeated. Questions
such as those below may help the children see that correspond-
ing distances remain the same throughout an entire repeating
pattern.

HOW MANY SQUARES HIGH IS THE HOUSE TO THE TOP
OF THE ROOF? (Six squares.)

THE SECOND HOUSE? (Six squares.)

THE THIRD HQUSE? (Six squares.)

HOW FAR IS [T BETWEEN: THE DOORKNOB ON THE FIRST
'HOUSE AND THE DOORKNOB ON THE SECOND HOUSE?
(Five squares.) ! '

BETWEEN THE DOORKNOBS ON THE SECOND A_ND THIRD
HOUSES? (Five squares.)

Have the children draw their own designs on the blank strip on
Worksheet 4, which was first used in Lesson 5. By watching -
them work you will see which children need help in\drawing
and spacing.

Ask the children to color the strip patterns on Worksheet 6 so
" that each strip has a repeating pattern. '
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Lessan 8;: TRANSLATION

The first activity of this lesson shows that & strip pattern can
be generated by translating a part of the pattern in uniform
steps along a straight line. [n the optional second activity
the concept of translational symmetry is introduced.

MATERIALS

“arKaheat 7
tn1e 14

- Worksheet 7

MrEE R

PR

e
e

F

PROCEDURE

~Activity A ' -

Worksheet 7 has three identlcal'strip patterns, each having an
-elemental design repeated six times. Ask the children to color
lightly the firsti’square in the first strip.

Bring out-the idea that the pattern of the whole strip can be
made by repeating the design on the colored square six times,




Next have the children color the firs‘t two squares in the sec-
ond strip, ~

This time they should note that the pattern of the whole strip
can be made by repeating the colored design three times.

Finally have the first three squares of the third strip colored.

—

This should help show that the pattern of the whole Strip can’
be made by repeating the colored design two times.

. WE CAN CHOOSE DIFFERENT P?\RTS OF THE PATTERN TO
" “REPEAT OVER AND OVER TO GET THE WHOLE FATTERN,
BUT USUALLY WE CHOOSE THE SMALLEST POSSIBLE PART
AND TALK ABOUT REPEATING IT.

Activity B {Optional)

If you feel your class is able to comprehend the following
material, use it. It is the introduction to translational sym-
metry and its connection with repeating patterrns,




Place a simple repeating pattern on the chalkboard. Ask for
successive volunteers to extend the pattern across the entiie
board, A possible°deslgn-would be:

IF THE CHALKBROARD WENT STRAIGHT ON AND ON,
COULD WE MAKE THE PATTERN AS LONG AS WE
WISHED? (Yes.) .

PRETEND THE PATTERN GOES ON FOREVER IN BOTH DIREC-
TIONS. THEN WE WOULD SAY IT IS INFINITELY LONG.
PRETEND YOU PICK UP THE WHOLE PATTERN, MOVE IT
ONE DESIGN OVER, AND PUT IT DOWN., WILL THE PAT-
TERN NOW LOOK ANY DIFFERENT? (No )’

|

BECAUSE THE PATTERN LOOKS THE SAME AFTER IT

IS MOVED ALONG A LINE, IT HAS A-SPECIAL KIND

OF SYMMETRY CALLED TRANSLATIONAL SYMMETRY.
"TRANSLATE" IN THIS CASE SIMPLY MEANS TO MOVE
FROM ONE PLACE ON THE LINE TO ANOTHER.

A discussion can bring out the idea that if a repeating pattern
is imagined to be infinitely long, it can be thought of as hav-
ing translational symmetry.

»




Lesson 9: FINDING REPEATING PATTERNS

Here the children look for repeating patterns in a specially pre-
pared classroom, They have opportunities to discuss approxi-
mate, finite, and infinite repeating patterns,

MATERIALS

— an assortment of objects, pictures, and designs exhibiting
repeating patterns. Some examples are a caterpillar, a
compound leaf, animal tracks, a fence, a chain {metal or -

"' paper), a piano keyboard, a strip of léce. a dress border,
a necklace of colored beads, a wallpaper border, and a
set of books.

an assortment of objects, pictures, and designs that have
several parts’that do not repeat exactly., Some examples
are a paper chain with randomly colored links,-a set of
non-matching books, and a strip design you have made
for this lesson.

PROGEDURE

-

Place on the shape table, bulletin board, and around the room
some Objects, pictures, and designs that exhibit repeating pat-
terns and some that do not, as suggested in the materials list,
Any completed art projects for this section can also be dis-

' play’ed.

Ask the children to find examples of repeating patterns in the
room. & child who finds one should see that one part of the
pattern is repeated at eaual intervals along a straight line.
You might help him express his ideas by asking questions sim-
ilar to "Are all the flowers in this border alike?" and "How .
many beads are betiveen each red bead and the next red bead? "

In many natural objects only part of the pattern repeats. For’
example, the ends of a caterpillar must be excluded if it is to
" be considered to have a repeating pattern.- The children may

be interested in patterns that repeat only approximately, -

If you discussed infinite patterns and translational symmetry

in Lessen 7, you may wish to consider the concepts again here,
i ] )
3

»




" ART ACTIVITIES FOR SECTION -2: RLPEATED PATTERNS

The idea's of repeated pattern are used In the art activities
described here, Any of the activities may be used any time
after Lesson 5 has been presented. '

0
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Activity A: Place Mats

|, Pold a sheet of 12% x 18" construction paper in half, Cut"
from foided edge to I" from outer edge.

. Unfold. You will have a sheet }Nii:h parallel slits that do
not touch the edge of the paper.

. Cut cpnstmctlon paper of another color into |" strips.
Weave these through the slit sheet you have prepared,

= . an -:l:l:
i 0
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- Activity B: Cut-_P:iiper Designs

). Fold paper into 2" pleats. =
| : H




AcLivity "t Print=Making

Any of the :nnthodc. doescribed below may be used t'or _
printing ropoatml patterns, Te amdera may be brushed on-.
to the printing surface, or water-base printer's ink may
be rolled on with a brayer.. If you usc a brayer, squgeze
a 3-inch ribbon of paint on a piece of glass and roll the
brayoer bacr and forth over it-unitil it sounds ':,th‘|- N lhen
rotl the braver over the printing surface .

-

[\J't_w\-'sprint or constructing paper arc bhest for printing, since
-

. they are more bosibent than ather papot7 ,‘
1 . . ’ '
5

String Prints

- -

& . i
Wind a string aroundesa piece of wood. Ink one side. Press
nhed string on newsprint to make a repeated pattern, :

L]
-4 .

Yi?sU(lzs

| o faW\5W\
. =

M= N =

Sponagce Prmts
: i - L N . . .

Ink A2 pw(‘r“ of f;powo Pross the sponqgé on<wyewsprint
repeatedly . ] '

-

Q
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Soap-braser Prints

7
'

Cut a klu:aiqn into one surface of a soap-craser, ink it,
. - # !
and print. .

a

Gadget Prints T . /
LY : r . . .

.

~Ink-kitchen gadgets suel. as a gb'otato masher, fork, bottle
~Cap, to make prints. : :
s . ‘

N
)
&

i

P P .Y
G 6 "€ g
, | _ . .
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Potato Prints -

Cut a potato in lmlf, Have the children scratch a design
an the cut surface with a poiated pencil or an orangewood
stick, Water color or tempera should be applied to the
potato surface with a brush,, rather lightly ,» because the .
potqto"pr@xidos a aood deal of moisture for the, pri&tﬁlg.
Press the potato firmly on the paper. )

-




Activity D; loop-de-iloos

Make loop-de-doos of various :;lzcs_(scc potd) and glue |
thot on consiructlan paper in o repcating pattern.

- Activily E:-\ Seed Designs

Use & white all-purpose adhesive such as Clmer's glue to
paste poPcorn kernels, pumpkin or sunflower seeds, or split
peas on tagboard to make repeating patterns. These may be

strip pattérns or, for the more ambitious child, may cover the
whole piece of tagboard. _ 7
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!\(:tibii.y I': Patterns Using Stencils .

i

1. Cut out o design from the center of a4 3" x 5" white index
~ card, This design should not be symmetric. An'unusual
hole or odd shupe will do. (If a chila cuts through the
boundaries of the card, place a piece of tape dver cut.)

;

/.

|

{

2. Place card on construction paper. Use it as a stencil,
rubbing crayon over design to produce image.

‘ f

[ |
: / |

3. Show the children how to flip the stencil and repeat the
rubbing. 'I'heﬁ\can make a repeated faattern by flipping

the pattern ovar and over in a straight line,

A




W BILATLRAL SYMMETRY

The lessons in this section of Unit 14 deovelop the concept that
bilaterally symmetric potterns are those that are unchanged by
reflection about an axis or line of symmetry. It {s shown that
a bilaterally symmetric pattern is made of pairs of correspond-
ing points which are equidistant from the line of symmetry.
Bilateral symmetry is sometimes called folding or mirror sym-
metry because two tests for’it use folding and mirror images.

As in all parts of the unit, the children's understanding of the
concepts will come in large part from observation and manipu-
lation of objects and from art activities. There will be some
'patterns and objects in this section that possess both bilat-
eral and rotational symmetry. You may or may not choose to
discuss this with your ¢lass. Always be clear about the type
of symmetry vou are considering at the time,




Lesson I.ﬂ: INTRODUCINC BILATERAL SYMMETRY
This first lesson of Section 3 introduces the concept of bilat-
ortl symmetry. It also demonstrates the fact that half of a
bilaterally symmetric pattern may be reflected to generate the
entire pattern.

MATELRIALS

transparent yellow butterfly
transparent blue half-butterfly \

overhead projector (desirable, buli: not required)

transparent Pattern C for each child
PROCEDURE

Activity A

As in earlier lessons where transparent figures are used, itis
possible to view the transparencies against a window if an
overhead projector is not available.

Project the yellow butterfly.

DO THE TWO SIDES OFTHE BUTTERFLY LOOK ALIKE
1N SOME WAYS’? (Yes.)

Any reasonable response is acceptable, e.g., the two wings
are the same size.

ARE THE TWO SIDES OF THE BUTTERFLY EXACTLY ALIKE?

There may be either yes or no answers from the.children. Have
them wait until after the next part of the demonstration to decide
which answer is correct.

Project the blue half-butterfly beside the whole butterfly. Sug-
gest that it can be used to compare the two halves of the yellow
butterfly, Move the blue figure until it coincides with one Slde -
of the whole butterfly. That side will now look green.




IS THE BLUE HALF-BUTTERFLY AN EXACT COPY OF
ONE-HALF OF THE YELLOW BUTTERFLY? (Yes.)

»

HOW CAN YOU TELL? (The edges and spots match.
half of the butterfly is green now, or similar obser-
vations.)

Slide the blue half-figure to the other side of the whole figure.

DOES THE BLUE HALF-BUTTERFLY EXACTLY FIT ON THIS
HALT OF THE YELLOW BUTTERFLY? (No.) .

HOW CAN I MAKE IT FIT? (Turn it over.)

Turnt the half-figure over, making the motion clear to the
. class,

DOES THE BLUE HALF-BUTTERFLY EXACTLY FIT OVER
THIS HALF OF THE YELLOW BUTTERFLY NOW? (Yes.)

Explain that this demonstration shows that the two halves of
the yellow butterfly would fit exactly if one of them were
folded over the other.

Activity B ' e

Have each child place his hands on his desk with the palms
down and the thumbs just touching.

\

ARE YOUR HANDS EXACTLY_ALIKE? (NO,"the fingers
are in a different order on the two hands.)

Lo
LY




Ask cach chitd to fold his palms together.,

DO YOUR HANDS FIT TOGETHER EXACTLY? (Yes.)

. Lxplain that the way the fingers match when the hands are put
together shows that the parts of the hands are alike but are
arranged in opposite order. Tell the class that both the butter-
fly ‘and their hands have a special kind of symmetry called
bilateral symmetry.

Activity C _ /

—

—

Have eaﬁﬁhild cut his Pattern C along the center line,

He cah then experiment with the two parts as he wishes.

. -
-




Lesson 11: FOLDING PATTERNS

This lesson continues the development of the folding test for
bilateral symmetry. The investigations of the properties of bi-
laterally symmetric patterns are continued.

MATERIALS

— Worksheets 8, 9, 10 and I

Activity A

Have each child fold his copy of Worksheet 8 along the dotted
line. Because this fold must be made rather accurately. you
may need to help some children. After the class has had time
to see the way the two sides of the leaf pattern fit exactly
when folded, you may tell them that this is true of all bilater-
ally symmetric patterns. Thus a folding test can show whether
or-not a pattern has bilateral symmetry,

Activity B

Horksneat © Suggest-that each child fold
Worksheet 8 (which is printed
. . on tracing paper) along the
o line of symmetry of the bug,.
trace the half bug, and open
the paper.-

WHAT DO YOU SEE? (A
whole bug.)

IS IT BILATERALLY SYM-
METRIC? (Yes.)

HOW DO YOU (NOW?
(By the folding test.) -

Note: Worksheet 9 is tracing
paper without a printed pattern.




Discuss with the class the following ideas: The dotted line is
the line of symmetry of these patterns. For every polnt on one
side of the line of symmetry there is a matching point on the -
other side. Therc is a kind of balance.of the parts on each
side. Each child may make any bilaterally symmetric design

he wishes on Worksheet 9 using the fold-and-trace technique.
If some child does not spontaneously mention that the patterns
look the same from either side of the paper., suggest that they
look from both sides and describe what they see,

Activity ©

Worksheets 10 and || should now be completed. The work=-
sheets are designed to reinforce the concept that all points of
the pattern occur in pairs of points that are equidistant from
the line of symmetry. Again, the children should not be ex-
pected to verbalize this concept but simply to use it.

workshast 10
Lnit 14

The arsa of tha lsft &1e 1a________ sQuara unlts,

The. atea of £he right alde 13— stuATe unlits,

workehest 11
it 14

Tne left W is unlts from rne 1ine of avaometry,

. ' e right W 1 unite from the:llna of symmetrys

The lartAia unlts from the 1ine of svmatey,

™s rl&ht Ale unite from che line of symetry. )

L

Tt T e The left’.ls urics from the Lina of symmatry,
- ) * ’

™ rieht .ls . unita fram tha line OF aymetry,







Lerson 120 MIRROR TUST

In this losson two=dimeniiond patterns and three-dimensional
objocts ore tested for hilateral symmotry with mirrors. The
lesson probably will take two class poriods.

MATERIALS.

- Worksheots 12 el 13

~small mirror for cach child

targer mirror {if necessary, this may be made from two’
small mirrors)

1

catds printrd with numerats 0 through 9 and tho capital ~
letters  (optional) .

assorted amall solid objocts to be tested with mirrors

Mirror Cards, Clementary Science Study, 108 Water Streeet
Watcrtown, Massachusoetts 02172 (optional)
' t

PROCUDURE

Activity A -

Place Tigure A so that the class can see it, Have a child
hold the larger mirror on the line of symmetry of the figure
and tell what he sces as he looks into the mirror. Either he
or a succeeding volunteer should realize that he sees the
same pattern with or without the mirror. This is another test
to show that a pattern has bilateral symmetry. This demon~-
stration is intended only to shoW the general procedure, The
children will learn much more as they use their own mirrors.

" Activity B

Give each child a small mirror and Worksheets 12 and 13. You
may also wish to provide other patterris such as sets of numer-
al and letter cards. It is important that each child be allowed
to make his own unhurried investigations of the patterns, How-
ever, a brief reminder of the mirror test is in order., If the}re
eXists a position for the mirror that will give a view of the pat- .
tern just a5 it was without the mirror, the pattern is bilaterally

-]
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workKaheat 134
ﬁg;{n?zot 12 Nae unlt 14 o Naoe ‘

Look A Ahana  Letyrae wlth A mirror, .
Luok At thase Dleruras with m mlrror. Afa thay nl}u‘ﬂrnllv ayTmerrie
Arn the¥ bilatarally wmastpse:

au

symmetric, The_ line along which the mirror is placed in a suc--
. cessful test is a line of symmetry of the pattern, Some chii-

dren will find designs that are symmetric with respect to more
than one line.

Many children are fascinated by the Mirror Cards brepared by
the Elementary Science Study. The cards make & good addition
to this lesson.

Activity C - | |
" Show the class a two-dimensional symmetric pattern or picture,
(Figure A on page 76 can be used.)

HOW CAN WE TEST THIS PATTERN TO SEE I IT H!\S. BI-
LATERAL SYMMETRY? HOW CAN WE TEST IT ANOTHER
WAY? (With the mirror test or folding-test.)




- - r
" Demonstrate the two tests., An explanation of the tests is

appropriate at this point,. but ordinahly the children sh‘ould not
be-expected to verbalize the explanation._ You can present the
substance of the followmg paragraph, whHich although not com-

pletely precise, should give the ideasof bilateral symmetry to
most of the children.

Fvery point in o bilaterally symmetric pattern has a partner on
the other side. Each of the points in a pair is the sanfe dis-
tunce from the line of symmetry. This is the reason that the
points of the two sides fit together when the pattern is folded
and also the reason that one side of the pattern looks just like
the other side reflected by a mirror.

CActivity D

\

Activity E (Optional)

|

Show: the class a bilaterally stmetric. three-dimensional ob-
ject, such as a vase, a’doll, or a plague,

DO YOU THINK THIS IS BILATERALLY SYMMETRIC? CAN
"WE TEST IT WITH A MIRFOR? (Yes.)

Make the te'.ct with the larger mirror.

CAN WE TEST IT BY FOLDING‘? (No, solid objects can
not be folded.} :

" Provide a number of small solid objects for the chi‘l.clren to view

with the small mirrors.” Possible objects could be plastic toy
figures, blocks. combs. flowers, and parts of construction
sets. They may also look at their fingers, -hands, and feet.

-

Some unusually perceptive .children may be interested in a dis-
cussion of the plane of symmetry of an object, Whereas a hi-
laterally symmietric two-dimensional pattern is made up of
pairs of points that are eauidistant from a line, a bilaterally
symmetric three-dimensiodal pattern is made up of pairs of
points that are cquidistant from a plane. The plane of sym—
metry divides the object into two similar parts,

|

|
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Lesson I'EL: KLEP THIE SYMMITRY

The games suggested here (!rovi"dc' [u'rt‘hér practice. with bilat- .
erally symmotrlc patterns as well as the fun of creating designs.
A review of rotationally symmotric patternq and repcating pat-
terngis .included.

MATCRIALS . °

property bid(;ke
peghoards

small objects such as paper clips, sticks, and ‘counters

colored chalk
draph paper'

mirrors
" PROCEDURE

' The games (Acttvities) outlined below are similar to. those in
Lessons 4 and 6, and hence the children should need only a
brief explanation of the rules before they play. They should
be encouraged to experiment with modiflcations of the games.

The designs called for in the games Jnay- be made With ‘property
blocks or any small objects such as’ *paper clips, stieks, or
counters; they may be made with pegs on*p'egboards, or they
may be drawn with chalk or crayon. -The duration of a" game
may be limited by specifylng a.number df moves or a tum‘e in-
terval for a game. All the 6‘ mes may be played now,: or you
may, wish to use C and D aJter Lesson 4, :

Actlvity!\ ‘ ' R |

What's Wrong'? .One child or team designs an 1mperféct bilat-
erally symmetric pattern. ‘The other chila or team alters the
pattern to make 1t bxlaterally symmetrlc. .

-

1f chxldren have difflculty in making the imperfect pattems.
suggest that they secretly make a symmetric pattern and then

B




change onc;or two clements, An exitmple c_)f an imperfect pat-
tern and.the corresponding symmetric pattern is gketched

I.qulow./ ‘ L -
Y A A

Change It. One child or team mc{kes a bilaterally symmetric
design. He then specifies a rule by which the other child is

~ to- change the design, The purpose and procedure for this game
is more fully explained in Lesson 6; Activity B. The sketch
below shows v possible transformation. R{ule: A—) D

. Activity B

0oAOCOD—oodlox

Activity C - S
Match the Mimror Image. Two children take turns in drawing
‘parts of a bilaterally symmetric. pattern on a grid, After each
- addition the player checks the pattern with a mirror, If the
"pattern is correctly drawn, the mirror image of one side is.
ldentical with the other side, ' g




Activity D

Keep the Symunegtry.  One chiled starts with an element of a do-
-sign, c.q., '

1

[le says, "This is part of a bilaterally symmetric design,
Finish it and keep the symmeoetry.” The second child com-
pletes the design, e.qg.,

Af
OO

The first child may reo 12st o repeating pattern or a rotationally
symmeatric pattern instead of a bilaterally symmetric pattern,
Then the completed patterns might be

~

N A
or 4 D
SR




Legson Ty DRAWING PATTERNS

In this lesson the children cr)mplv]t(z
ally symmetric pattorns on qrids, !

thiy soction,

|
MATERIALS |

— Workahoots- 11, 15, 16 and I7‘:
PROCEDURDE

Worksheets 14 and 15
discover that parts of the
SUAFCS.
wishes on Worksheet 16,

be made on Worksheet 17,

, calor, and draw bilater-
aotivities call for

Thasao <
somewhat more precision than the lart activitics suggested for

A
|
b

\

y

Are br‘lf-(‘:«planatory. '[\\h(' child should
pattern can be located by counting
e may make any bllatorally symmo tr1c design he
Aay kind of bymmotnc design may

\

" Worksheet t4 E
Unit 14 Hame ﬂﬁi‘é"f:" 18

_ Maxe it bilaterslly aymmetric.

Finish the picture.

‘
ol }I
T i

|

|

|

J

- — e .

(o]

Finish the pleture.

A

Nae
aka 1t bllatarally, avmmatrle.

S

Worksheots 16 «nd 17 are on graph paper.
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Lesgon 150 WEHAT KIND OF SYMMETRY?

Tha children hoere identify and test the three types of symmaoetry
considered in Sections 1, 2 and 3, This provides for both cval-
uation and further learning,

MATERIALS

- an assortment of objocts, plctures, and designs to be tested
for symmetries, Some of these should be similar to those
suggested for Lessons 3 and 9. Examples of patterns cither
bilaterally symmetric or not quite bilaterally symmetric arc
a key, vasc, picturc of a face, toy plastic figure, inscct,
leaf, flower, design from a magazine, ruler, and fruit,

— cxamples of the children's art work from this unit

PROS‘JEDURE

Have a sclection of objects, pictures, and designs on thoe
shapc table., Cxamples of the children's art work from this
unit should be included, The children may wish to add to the
collection later, ' '

Allow the children to investigate and tell about the symmetrics -,
of objocts they choose from the collection, Thoy should be
able to apply tests to determine symmetries about which they
arc in doubt, Some patterns have more than one kind of sym-
motry, but a child should not be required to identify the pres
ence or absence of more than one. '

Review with the children, if necessary, the various tests for
determining symmetries,




ART ACTIVITIES TOR SECTION 3: BILATERAL SYMMETRY

A number of art activitics are suggosted here to reinforce the
con¢opt of bilateral symmetry. Use any sclection of them any
time after Lesson 1Y has been completed.,




retivity A Abstract Desigas

Have the children cut out 2 or 3 shapes from the 12% edgo
of a sheot of 9" « 12% colored construction paper, Make
sure the cuts are on the 12" adge, not the 9" adge,

Put the shapes aside and paste the shee! down on a
2" x 18" sheet of contrasting color,

"Take~the cut-out shapes and paste them down on the
opposite side of the line of symmetry in a flipped posi-
tion. Good color combinations are blue paper on yellow,
green on orange, or black on white,




Activity B Making Designs by Punching [Holes

|.

Es
S

Using pencils or pointed sticks, punch holes in a

sheot of construction paper to make a pattern exhibiting
bilateral symmetry.. [If ‘children have trouble making -
the holes, they.may place-the paper over a Pegboard

. and punch through the papor over a hole.

(S

L4

. Mount the punched sheet on another sheet of construction
paper of contrasting color.




Q

ERIC

Aruitoxt provided by Eric

Activity C: 3-DHmensional Designs

" Materials usod for this activity include asgorted objects such
as yarn, sequins, stones, pebblos, ancd dime store jewelry,
You will also necod whita all purpese glue and ¢olored tag-

board,

Draw a line down the conter of the taghoard,
]

M-'akg a design on one half of the tagboard by gluing

" assorted objects on it,

Repeat the proceclure on the other side, to create o bi-
latetfally symmetric pattern. '




s\x;le;W . Making A Turthe

|, Draw o rough circle on o picce of construction paper,
Design a turtle shell with bilateral symmetry, Collor
Its spols and the space between the spots,

Cnt out the eircle, then cut four slits as indicated by
the dotted lines. Bring the cdges of tHe slits together,
as indicatod bv the arrows, overlapping them a little,
Tape, staple or paste the overlaps in place.

3. ,Draw four legs. a head, and a tail on piece of construction
paper. Cut them out and glue them under the shell of
the turtle. :




Activity Iy - Stand-up Animals

Fold a sheet of paper in half,

Draw an animal in such a way that'the top of the draw-
ing coincides with the folded edge. Color the drawing.

Cut through both layers of the drawing, turn over and
c_olor the other half of the animal, ‘

Paste the two layers of the head together, When the
paste is dry, the legs can be spread so that the animal
will stand. The children can make a farm or a zoo with

.these animals.




Activity T's Three-dimensional Figure

r.

Cut out hearts (or other similar shapes) of various sizes’
and colors. '

Fold a large heart down the middle for the body., Fold
smaller hearts in similar fashion for other body parts
(head, beak, ectc.)

Paste the twd halves-of the head together, catching a
little of the body between the layers so that the bird will
stand well. To make the wings, feathers and tail, use -
smaller hearts pasted on in a bilaterally symmetric pat-
tern.




Actlivity G;, Brayer Printy /

Materials ugsed here are o brayer, a plece of glass, water-
base printer's ink, newspaper and newsprint paper for making
prints, :
Find natural symmetric objects. leaves, grassés, and
weeds usually illustrate bi]ateral symmctry‘ - Bark often
 shows repeating patterns,

Squeeze a 3-inch ribhon of paint on the glass and roll the
brayer batk and forth over it until the brayer is smoothly
coated with paint and sounds sticky. Lay the object on

a piece of newspaper, and with the brayer ink the surface.
Do not apply so much ink that the spaces are fillt%n.

Lay the inked object face down on clean newsprint or
construction paper and press down with either a clean
brayer, your fingers, or the bowl of a spoon. Children
often find it easiest to use their fingers. »

Variation

, . , \
Place object uncder a sheet of newsprint and roll firmly over
it with inked brayer so the image comes through.,




\

‘.

Activity e Mobiles

Use construction paper, thread, and dowels or wire 'coat
hangers for this activity. . '

|, T'old construction paper in half and draw half a'bird or
butterfly, usind the center fold as the line that divides
the animal, Cut through both layers, :

Suspend the \:m-imal by a thread through i;s_ center and
tie. to a rod of doweling or a wire coat hanger, Mobiles
may be made of several dowels and many $u spended
paper figures, as shown. "




Activity 1: Rubbings

¥
You will nced newsprint, r'raymm or soft comprossod charcoal

' ancl objectq with raised potterns,

Find objects with raisad patterns exhibiting bilateral symmetry.
Leaves and weeds are axcellent for rubbings.,

Place the newsprint over the object .and rub the cﬂarcoal or .-
¢rayon: flrmly over the pn;)er .

3, Mount the rubb1 ngs on a piece of construction paper for

display. ) .. S

" The sarﬁe technique can be use(l for other types of sy“fnmetry.
A bnck :wall or tile {loor give good examples.of trahslational
symmetry, A bracelet opencd flat has a repeated pattern, a
brooch imay. exhibit rotational symmetry,




- o

'f\ctihv;ty J: Pancr-braid C]o-.]vn.

. -Cut s..trifrs of colored construction paper 1" x 18",
. i _‘a

2, Paste opposite colors ot corners at' right angles.,

b pleated braicd, ; y C e

3, Begin folding ohe color over another to make an accordion

"4, Make 6 braidg.

[

5, Glue one braid into & loop for the head. J\ttacl]' it to the

body,

-

6. Attach arms and legs, ' : -

7. Make a small paper cone fr a hat,




Activity,k: Curve Sutcehing

.

Materlals used are yorn, voan neerdtes, and light waigln

tagboard, 9"« 49",

4, Mark tagboard into quarters,

2. Mark odong lines Gt b inceh intervals,  Tabed Xooaxis with o«
lettors and Y-axis with numbeoers, ' :

\J’

T

Before starting the stitchir.{g, the children should poke a
hole.through the tagboard with the yarn needle at each
marked point, "

Begin stitching from the back of the tagboard. -Knot yarn,
then pull needle and yarn through }. Insert in E and come
up through F. Demonstrate the stitching to the children.
and have them follow you step by step. Ce e




S, Continue noewing curve by stlitching from 1S, over to 2, up
thogh 3, and over 1o (G, up through H, ancd over to 4.

0, Thoue c:hilrlrc:; who did not have trouble with this may .
want to do anather section, Numbar along the lines, as
shiown, Then stitch next curve as follows: H to 5,
bto G, Pto 7, 8 to . -

o

3

7. Sew each quarter until pattern is made,

~ Fl

Children who grasp the 1-to -} cbrrespo‘nde_nce in this activity,

may want to try curve-stitching other shapes such as a-triangle
/\ or a hexagon Q . They may use different colored

yarns in a symmetric color pattern.

-




SYMMLIETRY [N SOUND AND MOVEMENT

In addition to the visual symmetries they have heen stucdyineg,
first graders will onjoy discovering symmetries in the thinegs
they hear around them and in the things they do every day.,
They miaht note that they watk symmetrically,  There may be.
roepeated patterns it some class rocitations,  There are sym-
moetries i their addition charts,. Some storics, such as "The
Little Red Iten, * have symmetric structu el repeatod word
patterns, Symmetries of moay sorts ¢o ve found in most
poetry and in music,’ )

”» . .

(‘ . .
Ihis :-‘,(!r:tionT‘”las subdivisions according to subject matter
rather than Ly lesson, inorder to help you look for symmetries
‘whonever the opportunity arises,




SYMMETRIZ MOVEMENT

s

~al

1

Many aanies and physgical education activities involve gym- -
metric movenents and patterns,  As you qulde the children in
unﬂ'yrln:] them, vou miaght find hilateral symmetry, r'otationdl
symmetry and, >r pedated patterng:, Calitithenics are r.\s;pccially
symmoetric, 'Elm. o activities are often done to music (e.q.

"Chicken Fat”), This sorves to reinforece rhythmic porception,

L}

A child who has
for the class,

studied tap-dancing may want to demonstrate

Rhyvtiun Banrd

Percussion instrmaents serve to tie symmetric movemant to
symmetric sound, The simplest activity is marching around the
rooin while playinty the rhvthm instruments, Some children who
can skip miaht do 50 while other children try to accompany the
skipping rhyghm with their instruments, ‘2

It is much more difficult to count a rest than to count a beat,
“but first graders should be able to accent every third or fourth
beat with a trianqle or a cymbal, This activity will help.them

distinguish between stressed and unstressed syllables in °
pootry.

Clagg q

4

"

The simplest rhythmic pattern the children wan clap is a regular

[-2-3-4. When they havechad sufficient practice clapping in ~
_.unison, havo them clap patterns of increasing difficulty, such

as those belew., The last 2 rhythms call for “stress as, 'iﬁa_lcated

by the > sign below the note., -

.




g s L4

i 4 Ll sl

>

After the Class has had Enough practice in clapping these

rhythms, have some volunteers try to represent the rhythm on

the board, This ties together the idea of a rhythmic pattern

and a visually repeated pattern. Any notation gystem a child o
“deviges 1s satisfactory if it visually records the repeated pat-
tern., One method might be to use a long stroke (/ )} for an
accented beat and a dash (=) for an unaccented beat. The

length of the dash could indicate the dugation of the beat. -

Thus the last two rhythms given above might be secorded as- '

el
e e




—

4 H.:"IW

Hove the chlldren clap the thythm of o poem such o% "Pease
Porridge Uot, " Some pairs of children may be able to clap
complicoated cross -handed patterns,

Pease porridge hot,
Pcase porridge cold,
Pease porridge in the pot,

Nine days old.

]

Some like it hot,
Some like it cold,
Some like it’in the pot,

Nine days old,

Other symmetries the children may find in this-poem are the
rhyming of every other line, the repedting pattern of words in
the first three lines of each verse, ta.ni:l the repeated last line )
of each verse, no ) '
+

Another example of poetry rich in symmetry is "Over in the
Meadow. " There is a parallel structure in all the verses;

~the number of Mother's little ones -increase by qQne in each

- verse; within the verses, the third lines have an infier re-

" peated pattern, and the first and fourth lines. have an exact

repetition of the last parts of the lines; the rhymes follow
an a-b-a-b pattern; and’so on. , ‘

<




Over 1 the Maoadow

Over in the meadow in the sand in the sun
Lived an old mother turtle and her tittle turtle one,
Dty satd the mother, We dig said the one,
So-they dua all day in the sand i the sun,

Over in the meadow whoere the astream runs blue
Lived an obd mother fish and her little fishes two,
Swim said the mother, We swim sald the two,

so thty swam J1 day where the stream runs blue,

Over in the meadow in a hole in a tree o

Lived an old mother owl and her little owls three.
. Tu=whoo said the mother, Tu-whoo said.the three,

8o they tu-whooed all day in a hole in a tree.

Author Unknown

You will find some symmetrics in most pooms you examine, put

not all poems display symmetry, as the following lines of haiku
inr!icqtc: d )

My window is broken,
But I see the moon thrpugh it,

And the stars, too!

- MUSIC

All music is rtéh in symmetries -of many sorts. Any songs the
children know can be analyzed for repeated rhythmic patterns
by clapping or usivg rhythm band instruments., The melddies
can be examined to discover repéatéd'phrgses . “The book of
simple piano picces, Copy Cats by John LaMontaine, is'ex-

- cellent for demonstrating musical symmetries,
If your children are able to sing rounds, they can illustrate a
very obvious example of a basic type of-musical symrhetry --
overlapping repeated patterns., {(This is deve[op}ed“-to great
complexity.in the fugue.) We have printed "Row, Row, Row
your Boat" in such & way as to emphasize the patterned entry
of another group of voices every four measures. Lven though
most first graders cannot read music, it should be €asy for
.them to-spot the visual symmetrics, especialiy the groups of
three. cighth-notes for the word “merrily . ‘

103
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R 71 LR INTERISTING PATTERNS

. - -

. R

" The sclentitt proceeds with the assumption that nature is ba-
sically orderty and symmetric, His task’is to find the order and
symmetry. The artist, on the other hand, creates his own pat-
terns of symmetry,

4

In this section, more compl'lcnte(i patterns’ ore eXamined by the
children. Some of these may possess one or more of the sym-
metries already familiar to the child, but most do not. The
section is intended to sgrve as an open door into the realm of.

- unusual symmetry for the child and, as such, should not be
comstrued as specifying wall-defined objectives.

-

. - ¥ .

The shape of o crystal exhibits symmetry, but often its sym-
‘metry is not obvious. One may infer order within the crystal
from the-appearance of the exterior faces, but this is a rather
sophisticated activity, more suitable for older children. A
honeycomb and a brick wall display translational symmetry

of a type discussed in the unit commentary. The pattern of
bricks in a patio floor provides another example.--A pyramid

of o}anges or grapefruit, as seen in a market, has—_re‘éeatinq
,patterns in various dinensions. Observation of sue_::h- patterns
stimulates children's’thinking, but the teacher should at ali . e

. times refrain from trying to drive home points by mere,telling,
: 4 " H . 1% '

Creative art is rich in patterns of shape, texture and color.
Even in the absénce of clear-cut.symmetry, the child may’

.still sense harmonies of many kinds and not be 4t all able to
describe his impressions or enjoyment of them. °

Thié section is not divided into’lessons,  Use the parts iri
any order and with the emphasis that you wish. «




Diffcrent. patterys

Have the class observe gome objects that havefsymmetries of

typcs other:than thése considered in Sections |, %, and 3.
This group may 1nclude sea shells leaves., nests. and ab-~
stract designs, Allow the children to find basic symmetries,
but at the same time’ encourage them to search for other types
of balance, proportion, or any-other quality they may consider
to be-assoclated with symmetry. .Discuss the flndings without
requiring precise descnptlon oo '

*

'Venus Comb Murex J Ceram Vase




" Crystals _
11‘ large crystals of any klnd are avallable, by all means have
~the ch;l ldren observe thesg carefully. An alternative 1s to work

' with ‘small crystals such as salt, sugar, or epsom salt, using .-
a hand magnifier, Rock-salt cryst'als can probably be ob-
served without magnification, You‘can show the photographs
on the following pages and later place these on the bulletin -
board’ They are magnifled views of table salt, quartz crys-
ta}s anc a snowflake, :

Elicit:from the children their views of the sible symmetry
of the crystal specimens. and of those shc\rﬁn the photos,
Ask : ~w;;he children if'they know of other crysta s to be‘found at

home or elsewhere. R B
4 - -

- Most children wi,ll not realize that snowflakes -are groups of
tiny ice crys’tals. An individual’ s'nowflake is flat hexagonal

in form,.and di‘splays rotational s?mmetryrimuery "of SNOW -
flake 'photos would show a wide varjety o forms. all with a

L1

basic hexago.nal structure.
. Children will enjoy creating their owh snowflake designs by
cutting a. sheet of paper folded in a special way. They will
be-able to-learn to do this following instructions, prow.ded
you» have the time to r{epeat the instr'ue:tions a_ number of
times. Or you-may wish to prepare a fclded sheet for each )
chi ld. reddy for scissors work.
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\Magnified Snowflake .

1090




M.klng o Paper Snowflake

Y

Fold a sheet of 8" x 11" onionskin
o bond paper in half.

Ry bending as if to fold the sheet in
half again, find center of folded edge
and mark with a small crease.

With the paper still folded in half,
fold down the upper section, start-
ing at ¢enter crease on folded edge,
to form a 60° angle.

L}

Next fold the bottom portion up in the
same way. You will find it very easy
to find the 60° angle by folding the
upper and lower portions loosely and
shifting them against each other to-
+bring the edges .in line before you
crease them,

~
\ -3




The pattern on the snowilake is
made by cutting notches of dif-
ferent shapes and sizes along
“the folded cdges,

It is always a surprise for the
children to unfold the snowflakes
and see what patterns they have
made,

- \{.’ ‘

MAfter the completion of the snowflake activit;r, asi( the chil-
dren about the symmetry of their snowflakes {bilateral and
rotational symmetry). Continue with fresh pieces of paper so
that each-child may make one or more additional patterns,

h




lloncycomb and Brick Walls

This portion of the section may be taught using, for illustra-
tion, either a honeycomb pattern or the pattern shown by an
orcdinary brick wall. it you discuss the pattern exhibited by
a brick wall, work with small blocks or toy bricks. The fol-
lowing proceduré rafers to tl:le honeycomb. *
Try to obtain an actual honeycom‘b to show the children. 1f
th's is not Qossible, a good picture will be most useful.. The
children may or may not recognize that the pattern shows a -
kind of symmetry. They should recognize that the top surface
of the comb is thé same as the middle or bottom surface of the
coinb, : ' '

Prebare in advance 8 or 10 regular hexagons of construction
paper {using the snowflake technicue) or prepare 8 or 10 reg-
ular hexagons made of poster board by‘cutting along previously
marked lines. Have the children gather around a table both to
watch and to participate in the construction and manipulation
‘of the honeycomb pattern. Ask one or more volunteers to con-
struct a honeycomb pattern from the héxXagons by fitting the
sides together, ' ' y

+

Ask the children abort the symmetry of the pattern. Tell.them
that they are free to-méve one of the figures any way they
choose. They may need té' be réeminded of the test for repeat-
ing patterhs. Some children will See that one of the hexagons
may be mdved in o =2 dirc~tion along a line in equal-sized
steps to make it coincide with.other hexagons, If that same
hexagon were moved|in another direction, it would cover other
hexagons. Any cell in the entire pattern can be reached by
combining moves in these two directions. ‘Allow ample time
for as many children as ‘éossible to manipulate the hexagons

. ‘and to make the new symmetry test for themselves.. They may
enjoy thinking about how a bee makes such a regular pattern,

ey
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Other Ornamental Patterns

The honeycomb and brick wall patterns are examples of orna-
mental patterns where a surfade is covered by shapes arranged
in a regular way. Other easily observed ornamental patterns -
are those in tile floors, wallpaper, and fabrics. Worksheets
18, 19 and 20 gre ornamtental patterns for the children to color.

Paintings ‘ o

Prints of paintings that show varying degrees of symmetry can---
~ be displayed. Examples from Klee, Mird, Degas, Mondrian, .
and others may be used. Begin by showmg the children a
painting with easily observable.symmetry and ask, "What
. does this painting tell you? Why do you like-it?" This may
.‘ “lead to a fine discussion of the symmetry.of the paintmg. The
~children should discover the symmetry for themselves,” wheth-
er it be symmetry of line, shape, or color. The children may
suggest their-own titles for each painting. You may continue,
usmg examples wzth less obvious symmetry.
Give the children _t_h'e.vfreed_om to paint or draw thelr own de-
signs, using what they knéw of the various forms of symmetry,
Any’ noteworthy results should be enjoyed, shared and dis~
cussed by the entire group. -
Sources of art prints include old magazines, calendars., cata-
logues of various galleries, and unframed prints from galleries,

- s

- . Art Treasure Hunt

Encourage children to-bring in pictures clipped from old mag-

azines, Christmas and other greeting cards, etc., that they

find especially pleasing. Ask them to tell why they like the
" pictures. , T . >

Display examples of the best art whéneve,r you can. Change
the pictures often and select pictures that express the craft,
lore and beauty. of the work from many nations and of all
people. Prints of masterpieces are now available in every
price range, so that it is just as easy tb have the flnest
works on display as inferior ones.

113
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